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CLOUD ELECTRIFICATION STUDIES IN ILLINOIS 
INTRODUCTION 
On April 1, 1961, the Illinois State Water Survey received 
funds from the National Science foundation to investigate the 
artificial production of atmospheric space charge and its effects 
on the electrical and physical development of clouds. Previously, 
during the summer of 1960, Dr. Bernard Vonnegut and Charles Moore 
of Arthur D. Little, Inc., in cooperation with the Illinois State 
Water Survey, initiated a field investigation under the sponsorship 
of the Office of Naval Research and the National Science Foundation 
to investigate the role of artificial space charge in the electri-
fication of clouds, and the modification of the fair-weather elec-
tric field. Since the data collected during the summer of 1960 
were limited to dry synoptic weather conditions, the current in-
vestigation constitutes a continuation of this work in order to 
obtain detailed studies of the charging of cumulus clouds. 
The operation of the project includes introducing space charge 
into the lower atmosphere and tracking the charge to the cloud 
bases with a light aircraft. When a cloud begins to accumulate 
charge, two aircraft measure the ambient space charge and poten-
tial gradient simultaneously above and below the cloud to approxi-
mate the extent of cloud charging. One of the aircraft also makes 
cloud penetrations to measure cloud droplet size distributions 
before and after the cloud is charged. If rainfall results, a 
CPS-9, 3-cm, PPI radar is used to determine the location, height, 
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and growth of precipitation echoes in the vicinity of the wire. 
A 1024-square-kilometer raingage network of 49 recording rain-
gages is used to determine the areal distribution of rainfall. 
FIELD INSTALLATION 
For the source of artificial space charge, several high 
voltage wires as described by Vonnegut et al(1) were used. The 
location of existing power and telephone lines prohibited the 
erection of the wire in a uniform grid pattern. To avoid conflict 
with existing lines, the wire was installed along roads having no 
utility wires, or wires on one side only. Along the proposed wire 
sites, telescoping TV masts were installed at 120-meter intervals. 
After high voltage insulators were attached to the poles, stainless 
steel wire, O.38 millimeter in diameter, was strung and the poles 
were extended to a height of 10 meters. With the addition of the 
new wire to a portion of the wire used by Vonnegut in 1960, a total 
of 45 kilometers was erected in seven discrete sections from 3 to 
6 kilometers long, as shown in Figure 1. The high voltage power 
supplies used are capable of 3 milliamperes output at 50 kilovolts. 
At 30-50 kilovolts, the current from the power supplies is approxi-
mately 1-3 milliamperes. One power supply is located in a small 
house rented for a field lab and the other six are installed in 
instrument shelters, shown in Figure 2, along county roads. The 
shelters contain automatic cut-offs to turn off the power supply 
if the wire becomes shorted to ground. The current output of the 
power supply is monitored continuously on Esterline-Angus recorders. 
Fig. 1. High voltage wire location 
during 1961. 
Fig. 2. Typical power supply installation. 
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It is interesting to note a number of breaks during the 196l 
summer operation in wire P. 3 in Figure 1. Seven breaks appeared 
to have been caused by lightning discharges near or to the wire 
during thunderstorm activity, as evidenced by exploded insulators 
and loss of temper at the ends of the remaining stainless steel wire. 
In order to avoid difficulties that may have been incurred by 
inclement weather during the winter months, most of the wire was 
removed along with the high voltage insulators. One length of wire 
shown as P. 1 in Figure 1 was left standing as a test to determine 
the effect of freezing rain, snow, wind, and other winter hazards 
on the durability of the installation. The poles were lowered from 
10 meters to approximately 5 meters with the wire and insulators in 
place. If the test proves successful, much time and effort can be 
saved in the future by leaving the entire network in place during 
the winter months, should it be desirable. 
AIRPLANE INSTRUMENTATION 
Two airplanes rented from the University of Illinois Aviation 
Institute were instrumented for the project; a Piper Tri-Pacer, a 
part of the University of Illinois Fleet, and a government surplus 
C-45, purchased from Federal Surplus for this project by the 
Institute. Both airplanes are instrumented with an adjustable 
potential gradient measuring device, as described by Vonnegut et 
al(2) for measuring vertical potential gradient, and a filter for 
measuring atmospheric space charge, identical to that used by 
Moore et al(3). In the Tri-Pacer, these measurements are recorded 
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on Esterline-Angus recorders. A meteorograph on the wing records 
temperature, humidity, and pressure. Altitude, air speed, and 
comments pertinent to an individual flight are recorded by the 
observer. 
The C-45 aircraft, shown in Figure 3, capable of operating 
up to 6.0 kilometers, contains considerably more equipment than 
the smaller Tri-Pacer. In addition to the potential gradient and 
space charge measuring devices, the Cornell Disdrometer to measure 
cloud droplet size distributions, and an AMQ-7 meteorograph to 
measure temperature and humidity have been installed. However, 
technical difficulties prohibited the use of either of these in-
struments during 1961. Each of the instruments installed in the 
C-45 and its locations, is described below. 
Cornell Disdrometer - This device, developed by the Cornell 
Aeronautical Laboratory for the United States Air Force, is capable 
of continually examining an undisturbed portion of cloud and reading 
out on an oscillograph a cumulative distribution of cloud droplet 
sizes every 2 seconds. The instrument uses a forward scattering 
optical system to measure droplets between 3 and 90 microns in 
radius and resolves this spectrum, by electronic circuitry, into 
20 or 40 geometrically spaced radius increments. 
The sensing probe of the disdrometer was mounted below the 
nose of the C-45 and in front of the propeller line. The sampler 
opening is approximately 40 centimeters below the surface of the 
aircraft where it is assumed that the flow over the aircraft sur-
face does not significantly disturb the sampling volume. 
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Only a very limited number of flights using this instrument 
have been conducted previously, so that its overall performance 
is unknown. As mentioned before, it was not possible to operate 
the instrument during the summer of 196l because of the modifica-
tion of electronic components, but its importance to the project 
cannot be denied. It is reasonable to assume that the droplet 
distribution of the modified clouds will be distinct from clouds 
that have not been charged. Therefore, the information gathered 
with the disdrometer, in conjunction with radar data, will provide 
an Invaluable assessment tool for the determination of the effects 
of artificial cloud charging on cloud development. 
Space Charge Filter - Atmospheric space charge is measured 
in the aircraft by a filter identical to the one described by 
Moore et al(3) located beneath the right wing. The filter is 
composed of a glass microfiber medium which filters over 99 per-
cent of particulate matter in the air passing through it. The 
charge collected by the filter flows to a Keithly electrometer 
model 600 A which serves as a pre-amplifier for the recording 
oscillograph. Space charge is then determined from the measured 
current and the quantity of air passing through the filter. 
All of the measurements obtained with the C-45 aircraft are 
recorded simultaneously on a multi-channel oscillograph shown in 
Figure 4. During the summer of 1961, 6 of the 24 channels avail-
able in the recorder were used for the vertical and horizontal 
component of potential gradient, space charge, space charge range 
switching, and an event marker as an aid to data collection. 
Fig. 3. C-4 aircraft equipped to measure 
atmospheric electricity variables. 
Fig. 4. Multi-channel oscillograph used 
to record atmospheric electricity measure-
ments in the c-45. 
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Potential Gradient Measurements - The vertical component of 
potential gradient is measured in a manner similar to that de¬ 
scribed by Vonnegut et al(2), with the polonium sensors located 
approximately 1 meter apart symmetrically above and below the nose 
of the C-45. The horizontal component of the potential gradient 
is measured by means of an electrometer identical to the one that 
is used for the vertical component. The polonium sensors for the 
horizontal measurement are located at the extremities of the wings. 
The output of each of the gradient instruments is recorded on the 
oscillograph described previously. 
AMQ-7 Meteorograph - The AMQ-7 meteorograph is designed for 
installation on aircraft for the determination of the temperature 
and relative humidity. The probe is located on the top of the 
aircraft cockpit and houses the thermister and humidity element. 
The output of the sensors of this instrument is displayed on visual 
indicators with no arrangements for continual recording of the data. 
Modifications of this instrument to make it adaptable to a contin-
ual recording oscillograph were being made in the summer of 1961 
so that it was not possible to operate the instrument during that 
season. 
THE PLIGHT PROGRAM 
Ideal flying conditions for the experiment exist when there 
are large, convectively active cumulus clouds, either stationary 
or passing slowly over the wire network. One airplane then flies 
above the clouds and one below. However, during August and 
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September, 196l, when most of the flying was done, this condition 
seldom, if ever, existed. During much of the time the sky was 
clear or there were convectively inactive fair-weather cumulus 
clouds. On these days, grid patterns were flown over the wire 
area to determine the general effect the wire had on fair-weather 
space charge and electric field. On a few days, there were large 
cumulus clouds in the vicinity, but never did one pass directly 
over the wire area while the aircraft were there. 
A summary of the flights made with both of the aircraft is 
shown as Appendix A. Many of the flights in July and early August 
were made with the Tri-Pacer to test the instrumentation. 
DATA ANALYSIS 
As mentioned before, there were never any large active cumulus 
clouds in the wire area when the airplanes were flying. Some 
medium-size cumulus clouds, about 900 to 1500 meters deep, were 
investigated, however. In one particular case, a cumulus growing 
through a strong vertical shear of the horizontal wind definitely 
was absorbing charge from a wire of positive polarity. During 
several passes across the top of the shearing cloud, perturbations 
in the electric field in the order of 10 to 20 percent were observed, 
indicating positive charge below. However, upon reaching the summit 
of the cloud it was noted that the mid-section of the cloud was 
rapidly evaporating, and during the succeeding few minutes the en-
tire cloud disappeared. Most of the cumulus investigated did not 
exhibit growth activity of a degree that would make much charging 
seem probable. 
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The areal extent over which there were deviations in the 
fair-weather potential gradient and space charge in clear air 
depended upon the prevailing wind conditions and atmospheric sta-
bility. When the winds were light, around 2 meters per second, 
potential gradient perturbations and space charge at 250 meters 
above terrain were encountered in the immediate vicinity of each 
individual wire. When the winds were about 10 meters per second 
at the surface, the wire influenced a much larger area downwind. 
Space charge was encountered 3 to 8 kilometers downwind and poten-
tial gradient changes of 100 percent or more from fair-weather 
values were found from 2 to 13 kilometers downwind from the nearest 
wire. Some of the individual cases are shown in Figures 5 and 6. 
In Figure 5 the winds were relatively light and their directions 
variable with strong convective activity, which shows the indi-
vidual wires rather than a broad effect upon the fair-weather 
electric field. Figure 6 illustrates the more extensive effects 
of the space charge during relatively high surface wind conditions. 
Further detailed analyses of these data are being performed in an 
effort to determine whether the space charge is convected aloft 
continuously or in discrete bubbles. 
FUTURE PLANS 
Because most of the summer of 1961 was spent in preparation 
for the experiment, the data collection did not begin until the 
middle of August. Conditions were then unfavorable for experi-
mentation, and a very limited amount of data was collected during 
Fig. 5. Potential gradient and space 
charge on August 31, 1961. 
Fig. 6. Potential gradient downwind 
of wire during high wind conditions 
on Sept. 13, 1961 from 1230 to l400 
CST. Wire on positive charge output. 
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cloudy conditions. Since most of the field installation for the 
summer of 1962 has been completed, it will be possible to begin 
operations in the early spring, on or near May 1, 1962. 
Further work has been done throughout the winter of 1961-1962 
on the airplane instrumentation, including the installation of an 
AN/APS-69 3-cm radar set in the c-45 This airborne radar has 
scope ranges of 10 and 50 miles with a peak power output of 30 
kilowatts. The data displayed on the PPI scope will be recorded 
photographically for the determination of the presence of an echo 
within the cloud or clouds that are being charged by the wire 
from below. The radar information will also be available to the 
aircraft observer and pilot to aid in making decisions regarding 
which clouds should be penetrated by the c-45 for cloud droplet 
sampling. The radar has the capability to scan a 60° arc through 
the nose of the aircraft in the vertical plane or in the horizon-
tal plane, and therefore, the scope presentation will be that of 
a forward scanning RHI or a sector PPI radar. 
Additional instruments will be placed in the C-45 for contin-
uous recording of the aircraft altitude, air speed, and attitude 
during flight. These additional measurements are necessary for 
the data reduction since the space charge is a function of air 
speed, and the electrical field components are functions of the 
aircraft attitude. 
The vertical potential gradient polonium sensors have been 
removed from the nose of the C-45 to permit the installation of 
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the radar. These polonium probes have been mounted on the left 
wing approximately two meters from the engine. 
The Tri-Pacer instrumentation has not been modified with the 
exception of the acquisition of a new recording system. Previously, 
the space charge and potential gradient were recorded individually 
on separate recorders posing a time correlation problem. A dual 
trace recorder has been obtained which permits the simultaneous 
recording of space charge and potential gradient. It is presently 
planned that both aircraft will be airborne by May 1, 1962. 
Since the current flowing from clouds being examined is a 
function of the conductivity of the atmosphere, an instrument has 
been procured for this additional measurement. The instrument to 
be used has been described by Kraakevik(4) and is adaptable for 
aircraft use as well as ground measurements. With the combined 
measurements of conductivity and potential gradient, investigations 
of currents in the proximity of clouds and inversions will be 
undertaken. 
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APPENDIX A 
Research Plights in Tri -Pacer 
Time 
Plight 
No. Date 
3 July 
Take Off 
1220 
Landing 
1610 
Duration 
1.4 
Crew* 
1 WR 
2 5 July 0920 1035 0.9 WR-RGS 
1525 1630 1.1 WR-RGS 
1425 1545 1.3 WR-RC-RMcP 1545 1620 0.6 WR-RGS-RC 1355 1540 1.7 WR-RGS-DW 3 14 August 1040 1330 1.4 WR 4 l4 August 1520 1615 0.9 WR-RGS 1520 1615 0.9 Twin-Beech** 5 15 August 14oo 1615 2.0 Twin-Beech 1445 1600 1.4 WR-RGS-WEB 6 16 August 1335 1530 1.9 WR-MMcC-WEB 7 17 August 0950 1055 1.1 WR-GW 8 17 August 1350 1550 2.0 WR-WEB-GW 9 18 August 1340 1535 1.9 Twin-Beech 1350 1525 1.6 WR-WEB-MMcC 10 21 August 1340 1445 1.1 Twin-Beech 
1250 1500 2 . 2 WR-WEB-MMcC 
11 22 August 0840 1110 2.5 WR-RC-RGS 
12 22 August 1315 1515 2.0 WR-DW-WEB 
13 23 August 0920 1155 2.6 WR-WEB 14 23 August 1500 1700 1.9 Twin-Beech 
1500 1645 1.7 WR-MMcC 15 24 August 1315 1525 2.2 WR-WEB-RC 
16 28 August 1111 1209 1.0 WR-RGS 
17 28 August 1335 1550 2.3 Twin-Beech 1340 1550 2.2 WR-MMcC 
18 29 August 0915 1045 1.5 WR-MMcC 19 29 August 1330 1700 2.5 Twin-Beech 
1430 1647 2.3 WR-MMcC 20 30 August 0940 1110 1.5 WR-MMcC 21 30 August 1330 1630 3.0 Twin-Beech 
1325 1542 2 . 3 WR-RGS-GES 
22 31 August 0900 n4o 2.7 WR-GW-WEB 23 31 August 1345 1530 1.7 WR-MMcC 24 31 August 1930 2150 2.3 WR-RGS-SP 25 1 Sept. 1200 1500 2.9 Twin-Beech 
1200 1345 1.7 GW-RGS-NL 26 5 Sept. 1025 1210 1.8 GW-WEB-RC 27 5 Sept. 1315 1550 2.4 Twin-Beech 1328 1528 2.0 GW-RGS-DW 
**CONCVRRENT Flicht with TRI Paeek 
-12-
APPENDIX A (cont'd) 
Research Plights in Tri-Pacer 
Time 
Flight 
No. Date 
5 Sept. 
Take Off 
1805 
Landing 
1935 
Duration 
1.5 
Crew* 
28 GW-RB 
29 6 Sept. 1330 1630 2.7 Twin-Beech 
1315 1538 2.4 GW-DW 30 7 Sept. 1630 1725 0.9 GW-WEB 
31 8 Sept. 0943 1140 1.9 GW-DW-RC 32 8 Sept. 1330 1600 2.1. Twin-Beech 1355 1520 1.4 GW-RGS-EW 33 11 Sept. 1310 1625 3.2 GW-RC-WEB 34 12 Sept. 1115 1420 3.0 Twin-Beech 1120 1400 1620 
2.7 GW-DW 35 16 Sept. 1500 1.0 RC-TT 36 18 Sept. 1600 1630 0.5 RC-WEB 
37 20 Sept. 1200 1230 0.5 RMcF-WEB 
38 20 Sept. 1530 1700 1.4 RC-HC 
39 22 Sept. 1200 1500 2.5 Twin-Beech 1215 1415 1.9 GW-SP-DW 40 28 Sept. 1200 1320 1.3 McF-WEB-GES 
41 9 Oct. 1215 1420 2.0 GW-WEB 
42 12 Oct. 0815 1205 3.1 GW-WEB 43 17 Oct. 1000 1400 2.7 BC-WEB 
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APPENDIX B 
Research Plights in 
Time 
c-45 
Plight 
No. Date 
14 August 
Take Off 
1630 
Landing 
1700 
Duration 
.5 
Crew* 
1 McF-RC,DW 
2 15 August 1400 1615 2.0 McP-RC,DW 
3 18 August 1340 1535 1.9 McF-RC,DW 4 21 August 1340 1445 1.1 McF-RC,DW 5 23 August 1500 1700 1.9 McP-RC,DW,WB 6 25 August 1430 1630 2.0 McP-RC,WB 
7 28 August 1335 1550 2.3 McP-RC,WB 
8 29 August 1330 1700 2.5 McP-RC,WB 
9 30 August 1330 1630 3.0 McP-RC,WB 
10 1 Sept. 1200 1500 2.9 McF-RC,WB 
11 5 Sept. 1315 1550 2.4 McP-RC,WB 12 6 Sept. 1330 1630 2.7 GW-RC,WB 
13 8 Sept. 1330 1600 2.1 GW-RC,WB 
14 12 Sept. 1115 1420 3.0 McP-RC,WB 15 13 Sept. 1230 1400 2 . 2 McP-RC,WB 
16 14 Sept. 1030 1305 2.6 DC-RC,WB 
17 15 Sept. 1420 1615 1.9 McP-RC,GW,WB 
18 20 Sept. 14OO 1455 .9 McP-RC,WB 19 22 Sept. 1200 1500 2 .5 McP-RC,WB 20 4 Oct. 1220 1445 2.5 McP-RC,WB 21 19 Oct. 1130 1240 .8 McP-RC,WB,CBM 
22 26 Oct. 0630 2200 4.6 McP-WB,DS,DJ 
*Crew Listing 
WR - W. Robinson NL - N. Lindblad 
RGS - R. G. Semonin RB - G. R. Boyd 
RMcF - R. D. McFerren GES - G. E. Stout 
RC - R. G. Custer DS - D. W. Stagga 
DW - D. D. Watson DJ - D. M. A. Jones 
WEB - W. E. Bradley GW - G. Wilson 
GW - G. Wedekind DC - D. R. Chalus 
MMcC - M. A. McCord CBM - C. B. Moore 
SP - S. Peery HC - H. B. Cunningham 
TT - T. R. Titus 
